Bilayer biodegradable films based on pumpkin oil cake (PuOC) 
INTRODUCTION
Packaging is a necessary part of all food products. For each product, the role of packaging is to provide its protection from mechanical, physicochemical, microbiological and biological changes caused by the influence of environmental factors during storage time (1, 2) .
Today, polymer packaging materials are dominant in food packaging, primarily because of their good physical, mechanical and barrier properties, protecting packed food from adverse environmental factors, such as moisture, oxygen, microorganisms, as well as due to their easy processing, great possibilities of combining, and relatively low prices. However, due to their long service life, or non-degradability, as well as consumption of non-renewable raw materials (oil), science is more focused on finding an alternative for those materials. One of the ways to improve the ecological status of polymer packaging is to increase the use of natural biopolymers or biodegradable synthetic polymers (3) . Biopolymer materials obtained from renewable raw materials and agro-industrial waste can be considered as an alternative to conventional synthetic materials, due to their low price, possibility of obtaining from natural sources, and the possibility to solve the problem of waste disposal (4) .
However, the application of biopolymer materials has certain restrictions and disadvantages, which include the rate and extent of degradation under various conditions, changes in the mechanical properties during storage, susceptibility to microbiological contamination, as well as the contamination of the packed content by individual migrants (1, 5) . One of the major disadvantages of biopolymer films is aging, or changes of the film properties over time, so that their commercial application is still limited (6) . Aging of films may be the result of physical or chemical reaction of the polymer matrix that occurs in the material after exposure to environmental conditions over a period of time (7) . The most common changes that lead to aging of the films are: physical aging due to migration of plasticizer from the matrix (6-8) and chemical oxidation (5, (9) (10) (11) . Chemical changes, such as oxidation, may cause degradation of the polymer chains, while physical changes, such as migration of low molecular weight additives, affect the film (7). Natural polymers are less stable compared to synthetic materials. The use of biopolymers as a material for food packaging is difficult to implement since the basic properties of edible films mainly depend on the environmental conditions, especially temperature and humidity (5, 12) .
In this paper, the bilayer biodegradable films based on pumpkin oil cake (PuOC) and zein, as well as pouches made from these materials, were prepared, and the changes of their mechanical (thicknesses, tensile strength and elongation at break), physicochemical (moisture content, total soluble matter and swelling), and barrier (gas transmission rate) properties, were analyzed during four weeks of storage at room conditions. Heat seal quality of formed pouches and composition of the gas atmosphere in the pouches were also monitored.
EXPERIMENTAL

Materials and Reagents
The grounded hull-less pumpkin (Cucurbita pepo L. c.v. 'Olinka') oil cake (PuOC) was collected from "Agrojapra", Donji Agič, Bosnia and Herzegovina and stored at the temperature of 4 °C. Other reagents used in this study were: glycerol, zein, polyethylene glycol (PEG), ethanol, NaOH.
Preparation of bi-layer film
The bilayer film based on pumpkin oil cake (PuOC) and zein, were prepared by "casting" method. First, PuOC suspension was prepared and cast onto Teflon-coated Petri dish. After PuOC film was dried, the zein solution was cast on the dried PuOC film, and left to dry at room conditions (23 ± 2 °C, 50 ± 5% RH).
The film-forming suspension of PuOC (10%, w/w) in deionized water was produced by adding 30% glycerol (v/w, per weight of PuOC), and the film-forming solution of zein (10% w/v) was prepared by suspending zein in 85% ethanol with the addition of PEG 400 (50% w/w, per weight of zein); detailed procedure is described in Bulut et al., (13) .
Preparation of bi-layer pouches
When the bilayer films were dry, pouches were formed with zein layer inside, using laboratory vacuum sealer (Audion Elektro, Swissvac), the pouches were loaded with the modified atmosphere consisting of: 20% CO 2 and 80% N 2 , and sealed.
Methods
Thickness. Film thickness was measured using a micrometer (Digico 1, Tesa, Swiss Made, Renens, Switzerland), with a sensitivity of 0.001 mm. The results were expressed as the mean of ten measurements, from which an average was obtained along with the standard deviation (SD).
Mechanical properties. Tensile strength (TS, MPa) and elongation at break (E, %) of the films were measured on an Instron Universal Testing Instrument Model No 4301 (Instron Engineering Corp., Canton, MA), according to the ASTM standard method D882-01 (14) . The rectangular film strips (15x80 mm) were used. The initial grip separation was set at 50 mm, and crosshead speed was set at 50 mm/min. The measurement of tensile properties was repeated at least three times, resulting in an average and SD.
Physicochemical properties. Moisture content, swelling and total soluble matter of films were determined according to Hromiš et al., (15) . At least three measurements were conducted and average values were calculated along with SD.
Barrier properties. The determination of gas (CO 2 , N 2 , O 2 ) transmission rate was conducted using isostatic gas-chromatographic method (DIN 53380 (16)), using a Lyssy GPM-200 apparatus with the belonging Gasukuro Kogyo GC-320 gas chromatograph and the HP 3396A integrator.
Heat seal quality of formed pouches. Tensile strength (TS, MPa) of heat seal of formed pouches was measured on an Instron Universal Testing Instrument Model No 4301 (Instron Engineering Corp., Canton, MA).
Composition of the gas atmosphere in pouches. The composition of protective atmosphere in pouches was determined using Oxybaby, Gasetechnik WITT GmbH & Co KG, United Kingdom.
Films and pouches were stored at room conditions (23 ± 2 °C, 50 ± 5% RH) for four weeks, and their properties were analyzed once a week.
RESULTS AND DISCUSSION
Properties of the obtained bilayer material during four weeks of storage Mechanical properties. The thickness of the obtained bilayer film based on PuOC/Zein was 300 ± 10 (μm), and no its changes were observed during the storage. Mechanical properties, tensile strength (TS, MPa) and elongation at break (E, %), of the obtained bilayer films based on PuOC/Zein during four weeks, are presented in Figure 1 . According to the obtained results, a slight increase of TS in the third week of storage was observed (Figure 1a) . However, E decreased during the whole storage time. After one month, E of obtained film was 3 times lower than in the initial week (Figure 1b) . The results show that the material based on PuOC/Zein became more brittle (lose elasticity) during storage at room conditions. 
Physicochemical properties
The main problem in the application of biopolymer films based on protein and polysaccharide is their hydrophilic nature, especially considering the needs of food packaging materials to be resistant to moisture. Sensitivity to humidity may lead to spontaneous, rapid and uncontrolled decomposition of the material (5, 17) .
Physicochemical properties of the obtained bilayer film based on PuOC/Zein, moisture content, total soluble matter and swelling, during four weeks of storage are presented in Figure 2 . Slight decrease of the moisture content (Figure 2a ) during the storage time was observed. The percentage of total soluble matter decreased after the first week and then remained stable to the rest of the storage time (Figure 2b ). The percentage of swelling also decreased during the storage period, and after four weeks it was three times lower than in the initial week (Figure 2c ). These results show that during the storage period at room conditions, the films based on PuOC/Zein probably lose moisture, leading to the formation of new bonds and crosslinking. 
Barrier properties
The gas transmission rate of the obtained bilayer film based on PuOC/Zein, during four weeks of storage is presented in Figure 3 . The results indicate that the obtained material present a very good barrier to oxygen in the initial week (27 ml/m 2 24h 1 bar), but after one month of storage, the increase of gas transmission rate was observed (64 ml/m 2 24h 1 bar). However, this material shows a moderate barrier to CO 2 in initial week, 147 ml/m 2 24h 1 bar, and CO 2 gas transmission rate increased after forth weeks of storage to 188 ml/m 2 24h 1 bar. Although, studies have shown that the presence of CO 2 may have an important role in preventing microbial spoilage of food, a high permeability to CO 2 of packaging materials can be in some cases an advantage, e.g. for packing products with high respiration rate. 
Composition of the gas atmosphere in the pouches
Composition of the gas atmosphere (CO 2 and O 2 contents), in the pouches based on PuOC/Zein material is presented in Figure 5 . In the initial week, the content of CO 2 was approximately 18% (Figure 5(a) ), and of O 2 approximately 2% ( Figure 5(b) ). Through the storage period, the percentage of O 2 increased up to 7 times, but the percentage of CO 2 decreased up to 18 times already after one week, and then remained stable through the storage period. These results are probably due to a smaller extent, to gas transmission through the material, especially for CO 2 , and to a greater extent, they are due to the low heat seal strength, which decreased through storage period and, probably, to the influence of the gas contents in the pouches. 
CONCLUSION
The results obtained in this study show that the bilayer film based on PuOC/Zein became brittle during storage at room conditions. During the storage period, the PuOC/Zein film was losing moisture, which influenced its physicochemical properties, leading to a decrease in the total soluble matter and swelling. According to the results obtained for gas transmission rate, the packaging material based on PuOC/Zein, showed a very good barrier to O 2 , but moderate to CO 2 . These findings, as well as the decrease of the heat seal strength during four weeks, influenced the composition of gas atmosphere, (percentages of CO 2 and O 2 ,) in the PuOC/Zein pouches, and led to an increase of the O 2 percentage and a decrease of the CO 2 percentage during the storage period. The tested materials show promising properties as a packaging material, and can form pouches for food packaging. However, the influence of storage time on the properties of the tested material and pouches was observed, and further research should be focused on possible modifications in order to avoid or reduce this influence. 
